Quick decline is one of the deadly diseases of mango (Mangifera indica) which causes a serious damage to the tree and its production. In the current study, we examined the levels of important phytochemicals and minerals in the stem bark of healthy and infected mango tree. Infected stem bark showed 12.5% lower levels of total sugars and 51.1% higher levels of proteins as compared to healthy parts, whereas no variation was observed in reducing sugar, free amino acid, and ascorbic acid. Among micronutrients, the levels of Zn, Na, Cr, and Cl were lowered by 25%, 54.3%, 25%, and 75.4%, respectively, whereas the level of Ni was 62.5% higher in the infected stem bark when compared with the healthy stem bark. However, other micronutrients did not show significant differences between healthy and infected parts. Among macronutrients, the quantity of N, P, and Mg showed an increase of 51.2%, 34.7%, and 27.6%, respectively, whereas the quantity of Ca and K was decreased by 25.2% and 7.66% in the infected stem barks as compared to healthy ones. The results of this study provide some basic but important information that may ultimately be helpful in managing the quick decline disease in the mango trees.
Introduction
Mango (Mangifera indica) belonging to family Anacardiaceae is an important delicious fruit tree of tropical and subtropical regions of the world, known as the king of all fruits [1, 2] . It is grown in Pakistan, India, China, Mexico, Bangladesh, Thailand, Philippine, Indonesia, Nigeria, Brazil, Florida, and Oman. Mango is an important export of Pakistan. It is exported to many countries including England, Saudi Arabia, UAE, Germany, France, Holland, Thailand, Bangladesh, Singapore, Italy, and Malaysia. Several varieties of mango are grown in Pakistan on over 94.1 thousand hectares' area with a production of about 916.8 thousand tons [3] .
Various diseases affect mango yield all over the world. Its production in Pakistan has decreased due to numerous biotic and abiotic factors. Comparatively new disease of mango orchard known as the "quick decline" or "sudden death" is sp., Sclerotium rolfsii, and Fusarium solani [9] . The abiotic factors such as humidity, high temperature, sun scold, water stress and drought, unskilled cultural practices, and less attention by the farmers and growers also contribute to the development of quick decline disease [10] .
Plant cells contain a variety of substances which are involved in resistance or susceptibility to infection by pathogens. These substances include protein, phenols, ascorbic acid, amino acid, tannins, flavonoids, alkaloids, and sugar [11, 12] . Mineral nutrients are critical for the growth and defence of plants which play an important role in plantdisease interactions. Composition of nutrients in a plant may affect disease susceptibility through metabolic changes and may affect the plant's vascular system by impairing the nutrient or water translocation, potentially leading to wilting, root starvation, and plant decline or death [13] .
The objective of the present study was to examine the effect of quick decline on the phytochemical and mineral composition of the infected and healthy parts of the plant suffering from quick decline disease. We hypothesized that the quick decline disease disturbs the levels of biochemical and mineral contents of the tree as a result of host-pathogen interaction. The results of this study provide useful information for developing strategies to manage mango quick decline disease in future.
Materials and Methods

Sample Collection and Storage.
Samples from infected and healthy stem bark of M. indica suffering from quick decline were collected from experimental orchards of Mango Research Station, Shujabad, Punjab (Pakistan). The samples were washed in distilled water, shade-dried, subsequently milled in an electronic grinder, and powdered. The powdered materials were stored in screw-capped plastic jars for further analysis.
Sample Preparation and Minerals Analysis.
Analytical methods require decomposition of plant material for trace elemental analysis [14] . The sample is converted into liquid form for analysis using an inductively coupled plasma-optical emission spectrometry (ICP-OES) which was achieved by destruction of organic material through wet or dry oxidation. Samples (2 g each) were ashed at 500 ∘ C for 5 h in a muffle furnace. The ash contents were dissolved in aqua regia. For determinations of Al, B, and Se, samples (1 g each) were dissolved in a mixture of HNO 3 -HCLO 4 in Teflon apparatus. Analyses of Al, B, and Se were carried out with wet digestion method while the rest of the minerals analyses were carried out with dry-ashing digestion method. Control samples for both digestion methods were prepared in parallel for subtraction in the spectrometric determinations. Each sample had three replicates. The elemental concentrations in all samples were measured by using ICP-OES (Perkin Elmer) using standard methods. The operating conditions of the instrument and wavelength ranges of elements were followed as per reported literature and instrument manufacturer instructions. Absorbance values of each element were expressed as the mean value of three determinations (relative standard deviation). Na and K contents were determined by Flame Photometry (Jenway PFP7) under conditions specified by the manufacturer.
Phosphorus and Nitrogen Analysis.
The digest prepared by wet ashing was used for analysis of phosphorus. Phosphorus content of the digest was determined colorimetrically according to the reported methods [15, 16] . Nitrogen contents were determined by Kjeldahl method according to the reported literature with some modifications [17, 18] .
Total
Ash. Dry powdered sample (1 g) was weighed into a porcelain crucible and incinerated in a muffle furnace at 500 ∘ C for 5 h. The ash contents were weighed, cooled in a desiccator, and weighed. Then water soluble and insoluble ash contents were determined and given in Table S4 , in Supplementary Material available online at http://dx.doi.org/ 10.1155/2016/8219356.
Total Flavonoids Analysis.
Total flavonoids content was determined by following already established method [19] with little modification. 0.5 mL of sample extract (1 mg/mL) was mixed with 2 mL of distilled water and then 0.15 mL of NaNO 2 (5%) solution. Samples were incubated for 6 minutes at room temperature and then 0.15 mL of AlCl 3 (10%) was added. The samples were allowed to stand for 6 minutes, and 2 mL of NaOH (4%) were added to the mixture. The final volume was made up to 5 mL with methanol and mixed well. The mixture was allowed to stand for 15 min and spectrophotometric absorbance was recorded at 510 nm using UV/ Visible Spectrophotometer (Jenway-6405). The total flavonoid contents were expressed in milligrams of catechin equivalent per gram of extract.
Assay for Total Phenols.
The amount of total phenolics content in extract was determined according to FolinCiocalteu method [20] with slight modification. Briefly, 1 mL of extract solution and 1 mL of Folin-Ciocalteu reagent were added and the contents were mixed vigorously. After shaking for 4 min, 1 mL of 15% Na 2 CO 3 was added and the mixture was allowed to stand for 2 hours at room temperature. The absorbance of samples was noted at 725 nm. The concentration of the total phenolics was estimated as mg of gallic acid equivalent by using an equation obtained from gallic acid calibration curve.
Alkaloid Determination.
Alkaloid determination was carried out by using method of Harborne [21] . 5 g of the sample was mixed with 200 mL of 20% acetic acid in ethanol. The mixture was allowed to stand at room temperature for 4 h. An extract was prepared and concentrated ammonium hydroxide was added slowly until the precipitation was completed. The whole solution was allowed to settle down and the precipitate was collected by filtration and weighed.
Tannin Determination.
Tannin contents were determined by the method of Van Buren and Robinson [22] . 0.5 g of the sample was taken into 100 mL plastic bottle. 50 mL of distilled water was added. The samples were shaken for 1 h in a mechanical shaker. This mixture was filtered into a 50 mL International Journal of Agronomy 3 volumetric flask and made up to the mark. 5 mL of the filtrate was transferred into a tube and mixed with 3 mL of 0.1 M FeCl 3 in 0.1 N HCl and 0.008 M potassium ferrocyanide. After 10 min, absorbance was recorded at 120 nm. A blank sample was also prepared and absorbance was recorded at the same wavelength. A standard was prepared using tannin acid to get 100 ppm and measured.
Extraction and Analysis of Sugars, Free
Amino Acids, and Ascorbic Acid. Analyses of sugars and free amino acids were done by following method of Shad and colleagues [23] . Ethanol extract was used for quantitative analysis of sugars, free amino acid, and ascorbic acid contents. Total sugars were determined using anthrone reagent by following method of Travelyan and colleagues [24] . Reducing sugars were determined by ferricyanide method by following method of Hulme and Narain [25] . Free amino acids and ascorbic acid contents were determined by adopting established method [26] .
Statistical Analysis.
Statistical analyses were performed with OriginPro 2016 (Origin Lab, Northampton, MA). Each experiment was repeated for at least three times. Normality of each sample (i.e., if a sample came from a normally distributed population) was assessed by Shapiro-Wilk test. Student's -tests were performed between infected and healthy samples with < 0.05 considered statistically significant. Results expressed as mean ± SD are shown by bar graphs.
Results and Discussion
Plant diseases are one of the major problems being faced by the agriculture sector across the globe. Understanding the defence mechanisms of plants against pathogens may help to develop new strategies against various diseases in crop plants [27] . Plant defence responses are controlled by a complex network of regulators which include signal molecules and transcription factors. Plant resistance genes activate mechanism for specific recognition of pathogens and initiate defence responses [28, 29] . The fungal infections induce morphological and biochemical changes in plants. Fungal infections also affect the normal metabolism of plants along with causing the oxidative and hydrolytic reaction imbalances [30] .
In order to check the effect of quick decline, we analyzed the levels of minerals, biochemicals, and some important phytochemicals (tannin, alkaloids, phenol, and flavonoids) from infected stem and healthy stem bark of mango tree.
Primary Metabolites.
Fungus-infected stem bark had lower levels of total sugars but higher levels of protein contents than the healthy counterparts ( < 0.05) while no significant variation was seen in free amino acids, ascorbic acid, and reducing sugar contents ( Figure 1 and Table S1 ). Decrease in the total sugar contents may possibly be due to the decrease in the rate of anabolism (photosynthesis) or elevated rate of degradation of sugars in the infected parts caused by the pathogen [23] . Soluble sugars respond to a number of stresses. They act as metabolite signaling molecules that activate specific hormonal-cross talk transduction pathways, resultantly bringing important modifications in gene expression. Proteins are not broken down into amino acids possibly due to less proteolytic enzyme activity in the infected bark [31] .
Secondary Metabolites.
Fungal infection induces phenolic compounds in plants [32] and it is found that they give resistance to plants against certain fungal pathogens [33]. Our study revealed higher level of phenols in infected stem barks compared to the healthy ones. However, this difference was not statistically significant. Total phenol contents (0.30 ± 0.089 g/100 g) in infected stem bark were higher compared to healthy stem bark (0.22 ± 0.062 g/100 g). Some researchers noted an increase in the amount of phenolic substances in various host-pathogen interactions after infection [34] . Tannins, alkaloids, and flavonoids showed no statistically significant differences between infected and healthy parts. Tannins in healthy stem bark (0.74 ± 0.089 g/100 g) were relatively higher compared to infected stem bark (0.58 ± 0.062 g/100 g). Flavonoid contents in infected stem bark (0.46±0.089 g/100 g) were relatively higher compared to healthy stem bark (0.38 ± 0.07 g/100 g). Alkaloids concentration was relatively lower in infected stem bark (0.19 ± 0.062 g/100 g) compared to the healthy stem bark (0.26 ± 0.082 g/100 g). The detailed results are shown in Figure 2 and Table S2 .
Minerals.
The minerals are important part of the plant normal physiology [35] . The plants have tendency to accumulate some of the minerals (Cd, Co, and Ag) which are not necessary for their survival [36] . However, some minerals (N, P, K, Ca, Zn, and Mn) are critical for plants and their imbalance may lead to disease development. Microbial Figure 3 : Quantification of mineral contents ( g/g) in healthy and infected stem bark of mango suffering from quick decline disease. Each bar represents mean ± SD contents of the specific mineral as indicated. * indicates that there was a significant difference between healthy and infected sample at 95% CI.
interactions with plant roots have been reported to have adverse effects on plant nutrient status [37] . Our results (Figure 3 and Table S3 ) revealed that quick decline markedly increased the N, P, and Mg contents whereas the disease significantly reduced the contents of K and Ca. Decrease in Ca and K quantity in infected tissues might be linked to the fungal toxins affecting K uptake and stomata function leading to uncontrolled transpiration, excessive loss of water, and finally wilted plants [38] . An adequate K supply dose promotes cell wall thickening that helps the plant to resist disease. Calcium under Fusarium oxysporum pathogenesis may interfere with the uptake of toxic ions from the soil [39] .
Results also showed that infected stem bark had higher levels of Ni contents compared to healthy bark. Zn contents in infected stem bark were lower compared to healthy stem bark. Among other micronutrients Zn can increase resistance in plants to pathogen [40, 41] . When zinc is applied as a root dip prior to transplant or as a soil amendment, it reduces the incidence of root disease in rice and wilt disease in cotton [42] .
Lower manganese contents in infected stem bark indicate that quick decline disease has blocked the supply of manganese to plant trunk. Manganese may prove to be one of the most important factors in the development of resistance of plants to both root and foliar diseases of fungal origin [43] .
Some unwanted elements were also observed (Pb, Cd, and Na) during analysis. These might be a contributing factor along with fungal infection for the decline of mango plant. In our study, the level of aluminum did not differ between the healthy and infected stem bark. The level of lead in infected stem bark was below detection limit. The molybdenum concentration was below detection limit in all samples (Table S3) . Metals which are usually considered nonessential (Pb, Cd, Cr, etc.) may potentially be highly toxic to plants [44] [45] [46] . Urbanization, industrialization, and agricultural practices have contaminated a huge area of land with heavy metals (the main group of inorganic contaminants) [47, 48] . Excess of trace elements (Cd, Cr, Mn, Ni, Pb, and Zn) being toxic may cause growth inhibition, biomass reduction, and plant death [49] . Heavy metals also interfere with the normal physiological processes such as respiration, photosynthesis, cell elongation, plant-water relationship, and metabolism [50] .
Ash Contents.
Ash refers to the inorganic residue (minerals) after the water and organic matter have been removed. This is achieved by either ignition or complete oxidation of organic matter. As discussed earlier, the mineral contents are important in various plant processes. Our results showed that ash contents were significantly higher in infected bark compared to the healthy bark. The detailed results of ash contents are shown in Figure 4 and Table S4 .
Conclusions
Higher amount of total sugar was found in healthy stem bark compared to infected stem bark while higher level of protein was found in infected stem bark compared to healthy stem bark. This study showed varying trends of biochemical concentrations in infected and healthy parts. The utilization of biochemicals by disease-causing pathogens or their degradation by certain secreted metabolites in infected plants has been suggested to cause the observed depletion [51] and other studies have also reported similar observations [52, 53] . On the other side, due to pathogen infection, biochemical constituents were found to be accumulated in the plants [54, 55] . Tannins and alkaloids were in relatively higher amount in healthy stem bark compared to infected stem bark, while total phenol and flavonoids contents were relatively higher in infected stem bark compared to healthy stem bark. Analysis of minerals and primary and secondary metabolites was important for determining the nutritional status of mango stem bark after infection.
M. indica have great economic importance for Pakistan. By controlling quick decline disease, substantial loss of revenue to the nation can be prevented. Quick decline disease is probably due to soil contamination and/or airborne spores produced from the infected plants. Thus, improvement in plant nutrition by introduction of manures and fertilizers may enhance plant development and also might make the plant more resistant to or compensate for the effect of disease. The other effective measure can be the use of biochemical profile information to manage quick decline, that is, by using pathogen tolerant varieties and effective use of fungicides.
